This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the apphcant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



J 



Europaisches Palentamt 

European Patent Office 0 Publication number: 0 160 390 

Office europeen des brevets 



16C 

A2 



0 EUROPEAN PATENT APPLICATION 

©Application number: 85302D96.4 . ® 'n«.CI.': A 01 H 5/10 

@ Dale of filing: 26.03.85 



@ Priority: 16.04.84 US 600855 



@ Date of publication of application: 
06.11.85 Bulletin 85/45 

@ Designated Coniraaing States: 
AT OE FR IT 



© Applicant: STAUFFER CHEMICAL COMPANY' 

V/estport Connecticut 06881 (US) 

@ Inventor: Lowe, Keith Sands 
3000 Otis Drive 
Alameda California 94501(US) 

(2) Representative: Smith, Sydney et al. 

Elkington andfife High Holborn House 52/S4 High 
Holborn 

London WC1V6SH{GB) 



@ Embryogenic callus and cell suspension of inbf«d corn. 

@ Embryogenic callus of corn inbred B73. embryoigenic cell 
suspensions of ccrn inbred 873, clones of the embr/ogenic 
callus and cell suspensions of corn inbred B73. corn plants 
and the seed thereof regenerated from the erTibryogenic 
callus, embryogenic cell suspensions and donw of the 
embiyogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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£>SR:iOG£NIC G^LUS and .cell 5USPEN5ICN OF INSRED CCHM 

Field of the Invention 
The invention relates to embryogenic callus of. com inbred B73 - 
a major oorroercial inbred com variety. The invention also relates to 
cell suspensions derived from anbr%"ogenic callus of com inbred B73. The 
cell suspensions may be characterized as uniforn mi:ctures of embryogenic 
and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise to embryos of com inbred B73 under certain cultore- 
corditions described hereinbelcv. The invention furthermore relates to 
viable seed-producing plants of com inbred B73 regenerated from the 
enbricgenic callus or OTbcycconic cell suspensions ' according to the inven- 
tion. Lastly, the invention concerns nutant and/or recombinant progeny of 
enbr/sgenic callus or embryogonic cell suspension and com plants regener- 
ated therefrcm. Specific exar^les of the errbryoger.ic callus of com 
inbred B73, fran which enbr%T??enic cell suspensions nvay be derived, have 
been deposited Ln the ?.T.eric2n -T.-oe Cult-jre Collection -jnder A^CC acces- 
sion nunber 40116 on AprU l-J, 19S4. • 

Relevant Art 



■ Zea mays L.. or com is a major vorlcwide cereal crup. Ln the 
continentlTunited States alone, an estimated 82 million acres of oom is 
planted yearly. A sur/ey of t.he U. S. com germ plas?. base conducted in 
1979 accounting for 1.3 billion pounds of seed oomt determined that com 
irJbred B73 was used in the prcdu^cticn of approximately 178.5 million 
pounds of oom hybrid seed. This amount reflects approximately 14% of the 
total com seed required for t.-^ 1S80 planting of 82 million acres of com 
in the United States. B73 was used to produce more hybrid com seed thar. 
any other com inbred line in the 1979 survey. ^s the major inbred corn 
line used in hybrid com seed production, B73 is a ccnnercially important 
com inbred. Successful efforts to improve B73 ar^ likely to have a major 
impact on the conimercial com seed business. 

Current mothods for L-n?roving inbred com lines are time con- 
suTiina, labor intensive, and visky. Thus, methods that reduce any of 
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.these problerns would represent an advance in the cereal breeding arts, 
one method for inducir^ chaises in an inbred com seed line is accoo- 
plished by excosiro inbred seed corji to a mutagen, which may be ionizing 
radiation or *a nutagenic chenical, growing the seed out> and screening the 

5 'com plants for a desired characteristic such as decreased height or path- 
• cgen resistance. Seed fron plants displaying the desired characteristics 
are then replanted, rescreened and the seed fron plants passing the screen 
are retained. After several years and many grow-outs of the seed, a 
sufficient seed stock of the inbred disolayir^ the desired characteristic 

10 is accumulated for caimercial breeding. 

Several problena attend the method of obtaining a modified inbred 
cim seed line as described above. Inbred com lines are highly hcmozy- 
gous, or pure-bred. Such inbred IL-.es frequently display low vigor, and 
Is a result freouently produce few seed. If seed prcduction is too low, 
15 successful large-scale production of seed derived from a single plar.t of a 
n«3ified inbred line rray not be possible at all. Even if the modified 
inbred is vigorous and produces adequate nonbers of fertile seed,^ several 
years aof mar.y acres of lard are required to produce ers^gh seeds to make 
cormercial breeding possible. 



'20 



Other acproacnes to tne prooagai-iou w;. v-c=- — — 



have also been s-oggested an5 rely upon plant tissue culture tecr-ni^.es. 
in some of these aporoaches, cell cultures are subjected to mutacer.ic 
ionizing radiation. The desirable characteristic is selected or screened 
in coll culture. Cells having Lhe desirable characteristic are propagated 
25 in culture and ultimately regenerated to fom seed-bearing plants (see 
e.g., Bottino ?. J., "The Etotential of Genetic .Manipilation of Plant Cell 
Cultures f-r T;.o^ino." Radiation Botany, 15:1-16 (1975). 

The feasibility of using selection techniques on callus cultures 
of certain ncn-ccmnercial com inbrecs and the regeneration of plants prc^ 
30 ducing seed that carry the characterstic selected in tissue culture has 
been der^nstrated by Hitbert et al. (see, "Selection and Caracterization 
of a Feedback - Insensitive Tissue Culfure of Maize," ?lanta, 148: 183-187 

(1980).) 
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Prior to the develoET^r.t of the embryocenic callus line of a=m 
i„.r« B73 ot the ir,stant inve.tia.. f.i^le =^r^enic callus culture 
or a*r^eni= cell suspension culture of a a»,ercially significant 
i^red »o line has heen aescribed. With rescect to 

S lines of noncarmercial com inbreds, C.E. Green has described a friable 
callus of com inbred A188 capable of regenerati:^ plants by scratic 
arfcrjccenasis (see. Green, C.E., •a:<^tic Srbr^enesis a«J Plant Begene.- 
aticn ^ran the rirable Calus of ^ea i" ''^ ^' ^ ^'^„ 

nant Tissues and alls, .Xio cu:i«ra ed., Japanese Association o Plan. 

10 Tissue culture, pub. ItoKvo, Jap^r., 1932). W^yrc^enic. f^^ble A183 
callus according to Green can be derived fr» spontaneous sec^rs <^ 
orcanogenic callus. Organ^enic callus according to Green can be ob^^ 
as'fono... ~e ^.c^ic erbr^s fron the seed of ^^^^^^^^ 

^ f^rrr, hhp sA«3 an3 Dlaced in a Murasnige and Skoog (M5, 
A188 are renoved fron tJie se€u aro fj-cv. 

,S L« ».rashige and ^<oc., .Hv^^Mocia Plantari^, 15:426 0962,1 .^lu., 
TiLh 0.5 :Jl 2,.^. 1 * L-asparaei., and 0.7. bactoagar. T^e ure 
^otic «*rvos are ino^ated at 28- -with 16 hours light per day. 
Wringer, W.O. et al., 1979. -A Histol^ical Ex^inaticn ° ^^^^f , f ^ 
I'nitiation Fron l-r^^fure ^br,cs cf Hiize", Protooias-- ^O^' ^J"' 

20 The scuteli™ Of t.he primary ...otic .:.r,o proliferates ."P;«^^ 

. orgar^enic callus c.lfure. ..e epitheli.. of *e sc-^"- ^ 
hiohly merist«atic. Apical ^rUt«s for.., at .^e s-^.-.= ----- - - 

^'ich is Characterized by a.n e.te^ed ca^ial zone. ^^^^ « ^ 
.„rdia are associated with t.^ sl-^t pri»=rdia, t-he callus is oonsidereo 

25 organogenic. 

Green's enbrvc^enic callus arises sz«nt..eously as sectors grow- 
i:^ frc. the established or.a.^Wc callus or c^ be induced f re pr:.ary 
ing tran orol^^e however, does not appear to induce 

cultures with proline. Proline, nov^e-r . 

11 . --n R73 G-^n's erhryogenic callus appears undifferen- 
- enbrvogenic callus in B73. creen s e... :r - . , . _^^nn and 

. * • Kio h;,.. little organization on visual inspection and 
30 tiated, highly friable, has litae organ 

is fast ,M r^irir^ s.^-alturi^ at least ^^^^ ^^^"^^'^^^^^ 
l^ogeLc callus oilture described by Green develop to c^l^-Ua. 

s^aae en MS or N6 medium with 2% sucrose and 0.5 to 1.0 mg/1 2,4-D ^ 
Suage cn ns ot ^ Possible if the embryos 

^to^nal developnent to the iwture embr^ s.age is pos 
35 are transferred to N6 median with 6. sucrose and no 2,4-D. The mature 
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e.en be induce-i to germinate on MS or N6 median containing 2% 



enbrios can 
sucrose without homcnes. 



Green also describes susjension oitures of the erirvogenic line 
of M38 and discloses that suA suspension cultures can be naintained in 

5 «S medi» containing 1 2,4-0 with 2% sucrose. «hen aliquots of the 

suspension cultures are plated onto solidified MS medium containing 2% 
sucrose, a callus forms Eran the plated suspension and obryss form on the 
callus surface. These e^ryos are transferred to MS or m medium with 6% 
sucrose for farther developnent. After 2 weeks on medium with 6% sucrose 

10 these are tr3.-.sferred to lew sucrose, hormone-free medim fo^brio gen- 
eration. A133 plants »vay routinely regenerated fro. these embryos. 

A ron-regeneratir^ cell lire of com inbred B73 is )=nown (see 

PotrvMus et'al, Allied Genetics, 54:209, 1979). This cell 

line' in susf^nsion culture was established fran a primary culture of 

,5 protoplasts fran pla.nt tissues of t-he B73 i.*red. The cells are charac- 
terized as gtowi.ng well i.-. suspensicn culture and easily maintainaole on 
agar medi™. ^^.rther^re, the cells can be enzymatically f^ed into 
pLtoplasts. ^i^ in turn regenerate .^ais and beca« proliferating cells 

th.e cells of this li« have never been inouced to 

20 re^ellrate'pla-nts arf morec-er display ploicy abnormalities a Caracter- 
iHi- V.11 loow^ in ot-her r«n-regenerati^ diploid pl^t cell lines. (See 
„.-g: m;^ws, -caracteritaticn of Cells a:,. Protoplasts of the S73 Maize 
cell tine" Plant Scien« Letters, 28:237-348(1982/83). Other att^ots to 
.ad^ieve plant regeneration fr™ establishes B73 ^^^^ l^-^™"-" 

25 un^uccessf^. (See BarfKOwia., 8., "Tissue Oilture of ^ ze Pl^^ 
Regeneration Frcm Scutella .Sllus," Genetica Polonica, Vol. 23.93-101 
(1982)). 

The ability to culture sanatic cells of inbred plants in vitro 
enables t^e plant bre-.^er to apply t.^ techni^es of microbial genetics to 
,0 b^^ir,, croblers in crop pla.nts. Included in the geP.etical 

"approaches that have acpUcatia, to plant breeii.-^ are: -l^"-'-"" - 
melons in cell cultures, studyi™ t»st-pathcgen interrelationships, 
transfe- of ce.netic intcrmati^ into cei;s through uptake of exogenous 
heterolt^gus isee Szoka et al., U. S. Patent 4,394,448, or homologous (see 
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Ir^I Eurccean Patent Application No. 90p33A) DNA. Furtherrnore, sanatic 
cell calt'jre er^les tine plant breeder to develop, select and propagate 
s^aclcnal variants having novel or useful agronomic characteristics. 

Uie major obstacle to the application of these techniques to com- 
mercial com inbred 373 and sate other ccmmercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The embrvogenic com callus line and com cell 
line derived therefran provided by the instant invention makes it possible 
to apply somatic cell genetic techniques to a major cotmercial com line 
for the first time. The particular uses to vnich a ceVeal, and particu- 
larlv a com cell line sudi as the one described herein, can be put are 
outlined in nur.erous articles (see e.g., Eottino, P. J. "Potential of 
Genetic y^ipulation in Plant Cell Culture," Radiation Botany, Vol 15: 
1-16 (1975) and Vasil, I.E., "Plane Cell Culture aix3 Somatic Cell Genetics 
of Cereals and Grasses," Plant Xmsrovemenc and So matic Cell C-enetics, 
.vasil, Ed.., Acadeinic Press, N.V. , 1st M., (1933) and "Tissue Culture in 
the Production of Novel Disease-Resistant Crop Plants," Biol. Rev., 
54:329-345 (1979)). 

Tnese uses incl-ode st^lection at the cellular level of mutations 
for resistance to toxic substanc^es, such as herbicides and substances 
irco^ced by plant pathogens. Since the selections are carried out at the 
cellular level, it is likely that whole plants regenerated f ran. the cells 
will show the selected characteristic. It is significant that such a 
S'.-st^ would allow plant breecle^rs to select (or screen) for the desired 
characteristic from .among thousands of cells Ln a single culture dish or 
flask, whereas a large field plot vould be required to select or screen a 
corresponding n-umber of seed crouri plants according to traditional plant 
_ breeding methods. 

It has, for example, been demonstrated that oom plants derived 
from Black Mexican Sv.^t com, a non-ccmt>ercial cjltivar, can be regen- 
erated fron tissue cultures that have teen selected for resistance to 
lysine and threonine ard that tissues of the regenerated plant likewise 
oroduce com plar.t tissue thnt is resistar.t to lysine and threonine. See 
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Hibberr, K.A et al. , -Selection and Characterization of a Feedback - 
insensitive Tissue Culture of Maize," Planta, 148:183-187 (1980). 

The utility of sue. selections carried out in callus cultures has 
also been dercnstrated by the regeneration frctn callus culture of com 
plants resistant to southern com leaf blight, a plant disease caused by a 
pathotoxin produced by the plant pathogen Helinenthosporium m:f6is race T. 
By exposing com callus to the pathotoxin produced by the plant pathogen, 
resistant callus was selected. Significantly, the progeny of certain 
resistant plants wer^ also resistant to the toxin and plant pathogen, 
^us callus culture of a com cell line is demonstrably effective in the 
developnent of pathocen resistant com seed/ (See Gengerl^ach et al., 
-inheritance of Selected Pathotoxin Assistance in Maize Plants Pecenerated 
Fran CeU Cultures," o^- K.fl. Acad. Sci. USA, 74:5113-5117 (1977)). 

Brief Description of the Drawings 
Figur- 1 is a representation of an isozyrr^ pattern for esterase 
'is obtained by starch «.l electrodx.resis as further described in Exarnple 7. 

Figure 2 is a represent at icn of an isozyne pattern for alcohol 

^ ^ToH— ^^'-^^^^'s as farther described 
dehydrogenase obtained by starch gel elect.w,^^. s as 

in Exanple 7. 

Figure 3 is a representation of an isozj^e fattem for glutamate 
20 .a^sdrcgenase obtain^ by star* 9*1 electrophoresis as further described 
in Exarrole 7. 

Figure 4' is a representation of an isozyme pattem for ^-^lu- 
cx^sidase obtained by stard. gel electrophoresis as further describe5 in 
ExaiTple 7. 

Surmarv of the Invention 
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5U»it*qj.y 

Ihe present invention oanprises tissue cultures of com inbred 
line B73. These tlssu, c^tures are characterized as ertorvocenic callus 
cultures of com inbred B73 a,.5 cell suspensim cultures derived tr« the 
^^enic callus ^ult«e of com irired B73. As used herein, the ter. 
■^yoo.nic callus- is defined as a friable callus having ~ vxs^le 
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orcaniz^xon on :^in.er^^- ^iu. but on regeneration median organizes 
inlo discrete globular st«ctu«., a Portion of a,icn ger..nate to ..r. 
plants. 

AS used herein the teem "variation" U defined as phenotypic 
5 d«u^es that ate: stable, they persist in the absence of the event 

that iMuced the change; a«J heritable, i.e., the ne« genotype is trans- 
mitted to da.flhter cells «hen they divide. Q>anges in phenotyfe that fer- 
slst only so long as the celU or tissues are n»intained in a new environ- 
ment are referred to as fhysiological responses. 

,0 "Genetic variation" is used herein to describe heritable vari- 

ation that is sexually transnltt^ to progeny of plants regenerated fror, 
cultured cells or tissues. Tr.e ter. "«tant" is resented for t>.e special 
ca=» of aenetic variati«, in «,i<* a trait is transnitted .,eiotically_ 
ac^^rdi^ to vell-established lav. of inheritance. >*en the nature =t t.ne 

15 heritable charge is not teo--n. t.he term "variant" is used. 

- u ha— 1 •-P^er^'-ated" / referring to plants, 
As useo herein tne term z^e. f 

mea.ns plants derived fro, cell ^ tiss-^ culture. The te=n "progeny" 
r.ears pla.nts obtained by self-fertilization, sibling-fertilization, back- 
crossl^ or out-crossing of t-he regenerated plants. 

20 AS used herein the ter. "clone" refers to callus or cell s.s5«n- 

sions propagated fron an established cell susrension or callus line. 

tte -*rycceni'c callus culture of com' inbred B73 characteris- 
tically is a »Uecti« of substantially iscdiametric cells- .*.ia ^ m 
clo^s or aggregates of cells on «lid nmntenance neiim such as «S 

« medil or N6 medL. that has been supple^-ted with 0.25 to , 0 mg/ 2,^ 
Z2. (wt/vol, sucrose. On ^intenance n.di» the enbr^enic callus is 
friable, i.e., easily broken into ^ler clo^ of "^^^ 
cells, under the light microscos., no »ntin>»us ecider^ layer 1 
Visible in the =*r>^enic c»Uus. In general, the -^^^--.f _ 

30 yellow-brov. in color. Gr=v.-.h of the e^r^ojenic callus is rapid, as 

sured in fresh weight acc^aticn: the er:*=tvo=enic '^J^"^ ^ 

ti^es faster than the organccenic callus culture frcn vhich it arose. A. 
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a consequence of its ctowth rate, the er-bri^Dcenic callus needs to be 
transferred to new median every 1-2 weeks. 

The anbryogenic callis is further characterized by e.e absence of 
differentiated plant structure such as snail shoots or their prijnordia, 
5 roots or their primordia, ait3 meristesns. A characteristic of cell suspen- 
sions derived from the callus is the production of a mucilagenous poly- 
saccharide in media containir^ sucrose and 2,4-D. This polysaccharide has 
been identified as a glactose-nvannose polymer. 

The nost notable characteristic of the embri-ogenic callus is its 
0 formation of embryo-lLke structures. The embryt^like structures- are com- 
pact and globular. By transferring the globular structures to a hormone- 
free nediun such as MS or N6 rcediun, seme of these globular structures can 
be induced to fcmi plants. The plants can be transferred to soil and 
fertile B73 com plants are obtained. The progeny of these rece.^.erated 
■5 plants are substantially identical in form to seed-^rown B73 plants. 
Thus, the invention encaT5>asses com plants regenerated from an embryo- 
genie callus of com inbred B73 and the progeny of the regenerated com 
plants. 

•ae invention f-^ther ccr?:rises er>b-,'ogenic cell susr-nsion cal- 
0 tures of enbryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 com 
plaints. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintainefd on MS medium. The friable 
callus is transferred into a medim suitable for rnaintaining suspension 
S culture, e.g. MS medim with 2 ikj/1 2,A-D, and is placed on a gyrotary 
shaker at 130 rpn at 28 'C. Cell suspensions are induced to fom globular 
embryos by plating on solidified MS -or N6 medium containing no hormones 
and 2^% sucrose. Globular embryos' are transferred to solidified MS or N6 
median containing no honrones, 2% sucrose and optionally charcoal added to 
30 adsorb residual honrones, if any, and planUets form en this medium. Thus 
the invention encompasses com plants regenerated from an ertoyrocenic cell 
suspension of com inbred B73 and the progeny of the regenerated com 
plants. 
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r^e inv«..tion will be tetter understood frcn the following exa.^ 
pies which are inte.^ed by the inventor to be exer.plary only a.nd non- 
limiting. 

Initiation of Oroanoaenle Culture 
Plants ftcm maize Inbred line B73 «ere grown to maturity in a 
5 greeri^use supplenent«3 with metal halide lichts (15 hours/day) and main- 
tained at 30-C during the day and 2fC at night. Ihese plants »re self- 
or stblina-pollinated. Ir^ture zygotic ^r>. 1.0-2,0 ministers («1 
in lenath'(12-14 days post polli.-.ation, were asep-.ically reno^ed from^spr- 
iac- sierUized kernels and placed T.at side dc«, cn t!« initiaticn mediu-n 
,0 vhi^h contained salts and ys vitamins, 150 ^/l asparagi«, 0.6% agar, 
0.5 2,4-0 and 121 sucrose. All future mediu-n ha3 been ad.us.ed -o a 
PH of'5.8 prior to autoclaving. C^tures «re incubated Ln t.e carx a. 
23-C for 2-3 «e!cs, when a car.cact *ite tissue proliferated fro. t-he 
col^rhizal end of e.e scutellum. :!-:e zvgotic ^r^ic -shoot axis «s 
,5 not'part of the proliferating tissues. *ite contact tissue vnic, -as 
cooosea of ^1 parenchv^a-IiVe cells wit>. n^riste^atic regions 
c^-lred try an e=iaer,«l layer. Nu-^ro^ rcot merister., occasional snoocs 
a.-, ct^rch crai'ns «re seen in this tissue. .*ite cmpact tissue was • 
fro; t-he «^s, tra.ns:errea to a mainter.nce mec-i«, was. 
20 the as t-he initiation ,redi^ but incloded 0.5-1.0 n^/1 2 .-0 and 2% 
sucrose, a„l cultural unJer ^rrolites ,1500 L^) at 2BX. Cultures «re 
transferred to 'fresh nredium every 10-20 days. 

tte coroact tissue produced cr the. initiation media,. bec^.e 
extren^ly heterog'eneous a,en transferred to the. n^tenance medi«^^ 
25 erous Shoots, ra=ts, as well as friable ari canpact green tissues became 
- visible. Leafy anJ rooty tiss-ues «re carefully re.^ed ano oiscaroed 
fron the canpact organogenic tissue at each transfer. 

After ore year of continuous selection against non-regenerating 
regions arf roots, tJ^ resulti^ orga«genic tissue was dark ^teen ca^ 
30 p?ct, convoluted aM c^ered by a «ll^efined epidermis. *.s epider^ 
layer refined c^.tinuous even in zo^s that produced shcot 
Jist^^tic centers were co^ beneath the eplcer:^ layer. This tissue 
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was characterized by an extren«ly slow growth rate which co-old be^ 
increased by the addition of 9 ng/l zeatin. Tt.e addition of zeatin also 
reduced the quantity of tissues notmlly selected agaLnst. 

EXAMPLE 2 

Initiation and Selection of Entorvooenic Callus 
A friable, fast-9rowing callus was selected fron the organogenic 
5 tissue after cer one year in culture in the followii« manner. The 
organogenic callus from v^ich the errO^ryogenic callus was isolated was 
transferred to maintenance n«diu-n contining MS salts and MS vitanins, 150 
™/l asoaragine, 1 nc/1 1 nc/1 3,5-^ichlorophenxy acetic acid 

(3 5-0)", 2% sucrose and 0.6% washed agar. The organogenic callus w^s 
10 transferred after B week:, to^fresh n«5iun having the same corrponents. 

After a total of 5 wee:<s on the medium, the enbrycgenic callus 
appeared as snail isodia-r^tric cells having dense cytoolasn and large 
nuclei on microscopic examination. sectors v^re erf:edded on a 

n,ucilaaenous iratrix. Ih. sectors and mucilagenous matrix were renoved 
15 frm ti;e surrourdi.-^ co^^ct organoge-.ic callus with sterile tv^zers or 
^.e removed by scraping with a sterile scapel. The sectors and mucila- 
genous matrix -^re placed cr. .^inter^nce .eiium as described aocve out 
lacking 3,5-0. Friable «r>:ryogenic callus grew approximately 3 times 
faster than the organcx-enic tissue cn the maintenance median with 3,=-D. ^ 
20 Although the enbrycgenic callus was initially isolated frcm an organogenic 
callus Lhat had been gro^ cn maintanence medium including 3,5-D, emory^ 
genie sectors have been subsequently isolated from organogenic callus that 
has been maintained without 3,5-D. I^se isolates, hov^ver, tend to 
rapidly organize and cannot be maintained. 

EXAMPLE 3 
Tnttiation of Sus pension Cultures 
,c or* a«3 seventy-seven one-hundredths gram (1.77 g) of friable 

callus tissue fron com injured B73 was irx^ated into 25 ml of VS medi^ 
having the following ccnwonents: 
magnesian solfate-sever hv^Jrate (M3SO4.7H2O) , 
calciun chloride-dihydrate (C3C12-2H20) , 
30 potassium nitrate (KNO3), 
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ajTsionion nitrate (NH4NO3)/ 
potass ion phosphate (KH2PO4), 
manganese sulfate-four hydrate (MnSO4.4H20) , 
zinc sulfate -seven hydrate (2nS04'7H20) , 
5 cupric sulfate-five hydrate (CaS04-5 H2O), 
cobalt chloride-six hydrate (Cba2*6H20 
potassium iodide (KI), 
boric acid (H3BO3), 

sodiun molybdinum oxide-dihydrate 'J?a2Mo04»2H20), 
10 ferrous sulfate- seven hydrate (reS04-7H20), and 
sodiun ethylenediaminotetracetic acid (Na2EOTA) . 

In general, as used in the invention, the exact concent-ration' of the salts 

can be varied within limits without departing fran the invention.., ^_ 

standardize the making of the- inedia, however, the concentrations of the 
15 above listed minimal salts art as follows: 

MgS04.7ri20 370. milligrams/liter (mg/l) 

CaCl2-2H20 ^40 mq/1 

KNO3 1900 "5/1 

NH4NO3 ''^^O mg/l 

20 KH2PO4 170 mg/l 

MnS04.4H20 22.3 mc/1 

ZnS04-7H2O 8.6 mg/l 

.CCS04-5H2O 0.025 mg/l 

COC1-5.6K20 0.025 mg/l 



^3 lU. 



0.83 mg/'^ 



H3BO3 ^-'^ "5/1 

Na2ttD04-2H20 • 0.25 mg/l 

FeS04-7ri2O 28.75 mg/l 

Na2EDrA 37.25 mg/l 

30 The median further contains the followir^ vitamins, hormones ijnd 

carbohydrate sources: 

Thiamine-HCl 0.2 mg/l 

Pyrodoxin-HCl 0.2:5 mn.A 

' Niootinic acid . 1.3 mg/l 

35 Calcim pantothenate 0.25 mg/l 

L-asparagine 132.0 mg/l 

2,4-D 2.0 mg/l 

sucrose 2% weight/vol'jme 

pH 6.0 . 
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The friable esribCNX^cenic callus and medium are placed in a 100 ml 
Delong flask a«2 are incubated at 27 'C on a gyratory sha3cer at 130 rpm 
with indirect lighting fron .:^rolit€S for 16 hours a day for 7 days. Cul- 
tures «ere transferred every 7 da^-s in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same media in 250 ml Delong flasks. 

Bt±.r>os are generated fron the suspensicn cultures by removing a 
one ml aliquot from a 7 day old transfer and placir.g it on a solid plant 
growth medium suA as MS medium or N6 medium containing no hormones or 
0.01 ng/1 2,4HD and fron 2 to 6% sucrose. The plates are maintained under 

10 the conditions described in Example 4 for approximately one weelc^ Plants 
may be regenerated from the embr.^s by transferring the enbryos to or 

- N6 media containing no hormones and 2 to 6% sucrose as described in 
Exairple.6 below. 

EXAhgLE 4 
Fonnation of Embyros and Plantlets 
A 15 dav old suspension culture having a volurr.e of approximately 

15 • 25 ml was placed* in a sterile centrifuge tube and the cells v«re spun down 
at 1000 rpn for-5 minutes. TMe suc«matant was discarded and the cells 
ve« rocusoended in 25 ml of honione free N6 mediuir. containing 6% sucrose. 
Cne ml of 'the resuspended cells was dispensed onto solid N6 medium con- 
taining 6% sucrose, « homines, and 0.6% washed agar (K.C. Biologicals, 

20 Penex, Kansas). The plates were covered and maintained at 27*0 under 

Agrolites at 1000 to 3000 lux for 16 hours a day. • After 23 days,, numerous 
globular structures grew cn the hormcne-fr-ee N6 medium containing 6% 

. sucnDse. These globular structures ^re removed and transferred to 
hormone-fr'ee MS mediun with 2% sucrose and 0. 1% .charcoal. After 6 days 

25. four plantlets approximately 1 to 2 centimeters (cn) in length having 
shoots and rnots were obsen-ed. 

BtAMPLE 5 

Receneration of B73 Plantlets fron Su spension Cultures 

A B73 suspension (maintained as a suspension for approximately 4 

ncnths) was centrifuged at 1000 rpn for 5 minutes to pellet its cells. 

Wese colls were then weighed and dilufed with hormone-free M.S. medium to 
30 a concentration of 100 .tg suspe«2ed cells/ml hormon^free medium. Cne ml 
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f - „ .100 -.5 cells) «s pUt^ onto no hon»ne N6 medio, with 2% sue- 
rose, 0.1-i charcoal, cH = 5.8. 

These -.es «re in^ted at 28-C in the darK. After one 
^th nlobuler "structures £on=ed v^i* «re then transferred to fresh 
S X aL pucea ^er ;^r=Utes. «ter a^x^tely 3 wee,., .any of 
these structures had developed into plantlets. 

EXAMPLE 6 

„ ,.;-.-„ Pl.^ts frt. F^n^enic Callus Culture 

-Cne hundred >n, of friable B73 callus/petri ^/^^ 
witn 4» sucrose ard » hor^nes. These plates -^--^^^ 
je-C in the dar.. ;^ter 27 .d,v, „>.erous plantlets ^ 
,0 transferred to plas-.i= tiss. culf^ t»«s ,a^ut 3 - - >. = 
,.,d»s, ontainin, 50 of hcr^^e free H.S. .ec.u, "'"^ " ^^^^ 
Mter at^oxi^ately one ™=nth. si. of these plants «re ^^J^ 
^ts in'"the ^ee,i»use. All of these plants «re ^.n to n^turxty. 

EXAMPLE 7 

isozv^ne to^rison o£ ^r^c^enic 573 Callus O^lture 

and Non~Enfe ^-^g"^g ^'^ tisSMQ 

^ . ^ . Vv^ com inbred 373 tissue indicatec 

,S .low «re plld an e^ of --^-^ -"^^^r,:,"^ 

... w/v sucrose. 3.3, w/. oscrhic " ^Jl^^ ^Tpa" iLh 
using a 50r.er tissue h:^eni=er. The f««:5e«^- 
oel ele=tr=;*>oresis ari e» resultir, 9els ^"^^^ 
Jn^re 1), alcohol dehydrogenase (Figure 2, gluta^ate 

,0 3> aM /^lucosidase (Figure 4, as described ^ Cco^ et al^ 

- ta^en directly fro. e wee. old green^use .intained B73^1an.ts. 

..v^ 'r- -N»ts das^ after genuination fran seed. 
C^^^Etile - tal^. ' in distilled 

25 Shoots - taken frcra mature B73 seeds one uay 

water. , • _ A^^^- 

S^tell^. - taxen fr^ .«ture B73 e^ryc one day after scaKxng xn d^ 

tilled water. ^ 
Zvcotic argrv c - taken 19 dav^ after pollination. 



01 60390 

14 

.^...r.. r^..ic £nt>r.o Rescued - taken 12 days after pollination and then 
t-ansf erred to the nediun of Example 3 for 7 days. 

P^rvcoenic"- 2,4-9 - friable e^rycgenic callus tissues of B73 that v«re 

n^intained on the nedia. of Example 3 without 2,4^D for 19 days. 

5 Embr yooenic ^ 2>4-D - friable anbr^enic tissues of B73 that ^re maxn- 
tained on the itedim of Example 3. 

Oroanocenic - organogenic tissue of B73 that v«re maintained cn the medium 
of Bcarrole 3. 

Figures 1-4 aru representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns show the following results: 

Este'^ase - Figure 1 - Embrycgenic cultures gave the same isozyme 
patterns as rescued zygotic erfcroyos a«3 organogenic cultures gave the . 
same isozime pattern as mature leaves. 

Alcohol dehydrcgenase - Figure 2 - organogenic cultures and 
15 e^ryogenic cultures c medio., without 2,4-D gave the s.^ isoz^ pattern 
as zygotic e^hrvos, but er^bryogenic cultures on the same medium containing 
2,4-D did not. 

Glutamate dehydrogenase - ngure 3 - o.-^.j-jC-c 

.edi™ without 2,4-0 9a« t>.e pattern as zi^tic erb^^s, but .*ryc- 
20 genie cjltures on maintenance redium with 2,4-0 did not. 

A -Gluosidase - Figure 4 - ertn-c^enic and organogenic culture 
gave the sL pattern as ooleoptiles bat a different pattern than zvgotic 

embrios. , 

Biese results supcoct the characterization that regeneration 
25 fran e^rjcenic cultures proceeds t^-.a twe of somatic anbrycgenesis 

n,e presence of isozj^es usually associated with oolecptiles suggests .h t 
the ti^i,^ of e^enic developr«ntal events .^y be different than that 

of of zygotic cnbryos. 



r 
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EXAMPLE 8 

Characteri^tion of ?=ly=^~^?f ^t^Sfs'''"" 

of EnttrN-ocenic B73 Tissues . 

rZlTol a 7^ay-.ld ,^enic «n ascension of com inbred 
B73 was transferred into a fresh 50 ^ ali^t of the ^iu-n o ^le 3. 
The c^tures ^rom in the light at 27-C in a shal«r at .30 rj™. 
ZT-> days, cells a«5 debVis «re re^ed fro. the nedion .V centrx^a- 
S "" or fUtration. Ihe re^ini^ clear culture ^i« - J^^^f "'^^ 
vdth 3 voices of ethanol (95% v/v) at roan te^rature ^ 
:,te fibrous precipitate fo.^-. - cUected cn a ^^^J 

flri«3 Li a vacuum dessicator oven. The dried preci^. 
absolute ethanol and driea m a vai-u-i 

hvdrocV'ioric acid for 6 hours at 100 C 
itate was hvdrolyzed in 1 nornal hycroc—onc a - 
icate w« . J hv/ 13r na^'jral abundance nuclear 

10 and the corr^onent sugars were analyzed by C na-urai ao . 

magnetic resonance (13c^T5.) on a Varian XL-200 l.^ spectrceter. 

The polysaccharide wbs identified as a ^l^r cc^isin. galac- 

tose a«3 nanr.se in ab.ut a 4:1 glactose:.annose ratio. The pol^.er has a 

Xsitio. different fron nai=e root sli^, contain, a glucose-rich 

T ..n^ in fucos-^ -'•^J galacturonic acid, and corn hull-gun, .nich 
15 nolvmer abundant m fucosx. -nc ''^ cr,i-h f et 

•con'tai:. xylose, arabinose arf 9^atose in a 7:5=, < 
■ ,1 T-n- ---'"T ^ l-nHI^QPS a.-x3 some P.eU.ed. 

u •d„;«--'>i.^ o-'HI ishing Corp. , Ne.v Yorx). 

Polysacchaixucj , i*.^-- — - • — 

EXAMPLE 9 
Carten Source Utilization 
^^.ogenic susp^nsic .adtures of com L^^ed 373 »ere -ashed 
^ in cartx^ydrat^free ^i-^ an. Pl-ed «,to the ^J^" 
ha3 been solidified «th 0.« -ashed agar and contained 1% w/ of ^ 
filter-sterilized test «^u:>^ listed in Tabl'e I bel^- -^^..^^^ 
„s assessed visually after 2 -d 9 -ee'^ growth u> tne d^.. at 



27 'C. 



25 



B,e toxicity Of galactose in t!-.e presence of sucrose was tested 
„, ^rv^enic suspensia, c^tures of com inbred B73 t^ i""^"^!™^ 
ralacto^.O.. to 6» w/v, into the n«di.. of ^^le 3 o=nta.n.n, 2 w/v 
sucrose. Growth «s measure t,- paCed cell vol»e (Kr/)_ after 7 da^s 
inCJbation on a sha;<er at in the light. 
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TABLE I 

0^ of a^r^enic CUs of C=jn l*red 373 on Various Carbon Sources 

B73 Cell Growth 
^ ^ ^ Relative to r^r-N^hvrfrate-Free Control 
Sole Carbon Source R elative v.c».^ ^^^^^ 

t 

sucrose 
D-glucose 
soluble starch 
D-{+) -galactose 

-lactose 
D-sorbitol 
L-p_roline 
0 (control) 
L-(+)-arabinose 
inyo- inositol 

-0-(+)-fucose 

L-glycine 
' L-arginine 
L-{-) -xylose 
D-(+)-{nannose 
DL-{nalic acid 
[Hnannitol 
L-(-) -sorbose 

-L-rhamnose 
L-clutamic acid 



0 
+ 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 



+ = Visibly detectable growth. ' 

tost of the cotton sources did ~t s..^rt growth of the cells 

- - ^-tf^ riiiL^eraitir :r r ^ 
n::: rjCu" ;:r l^so^^oi .ut . ^ro-t. ..011. a. 

TacLsi. *e «r^e.ic cor. cell line of B73 sHo«d li»xtea ^-t.h 
response to galactose. 
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The embryogenic callus of com inbred B73 which crew cn starch- 
containing plates appearec2 to lack the galactomannan secretion present in 
the plates containing sucrose or glucose. Suspension cultures of the saTie 
tissue growing cn starch produced no detectable amounts of galactomannan. 

EXAMPLE 10 

5 Plants obtained in Exccnple 6 were groun in the greenhouse and 

were either self-pollinated, badccrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R]S^ for 
self-pollinated, RiBC] for backcrossed and RiSibi for sibling pollinated). 
The com progenies were produced frcan four regenerated plants. Two ■ of the 
10 regenerated plants were self -pollinated using the rain sten ear and a 

tiller tassel. Because of asvTJchronous emergence of tassels and sii;<s and 
frequent occurence of tassel-^ars, the remaining regenerated com plants 
could often not be self-pollinated, but L-istead v.ere used as female 
parents in crosses to seed-crcwn 373. 

15 The seeds produced were grown out in the field bet-^^n DeceToer, 

l'S83 arx3 March 1984. Plants wiere evaluated in early February, which was 
approxrnately two weeks post-pollination for the com. A total of ten 
rows of regenerant progeny were planted out ear-to-row. In addition, two 
seed^rown* plants used as male parents in cxjsses with the regene rants 

20 were also self -pollinated and used as check rows. Traits examined 

included: plant height, ear height, stem diameter, leaf number .and any 
evidence of single gene nutations affectLng plant appearance, vvhile seme 
rows showed evidence of salt stSess, no differences could be seen betv^n 
the HiSi, RiBCi, and RiSibi prcceny and the seed-grown check rows. 

25 From the foregoing it will be apparent to those skilled in the 

art that esnbryogenic tissues arc cell suspensions of com inbred 873 will 
enable plant breeders, practitioners of methods pf plant tissue and cell 
culture, and plant molecular biologists to carry out major improvements in 
this vsduable and widely used com inbred. The embrv-ogenic cultures of 

30 'com inbred 873 provided by the instant invention make it possible, for 
example, to subject these cultures to in vitro mutagenesis to induce vari- 
ation in com plants regenerated therefron. >teL^.ods for chemical and 
physical mutagenesis as well as cell culture techniques for the recovery 
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are veil to t-iose skilled m the-art (s« for 

^ Tre.««nt with Ethyl «etha«sul*cnate," Genetic 
t,ons «a.xe Seed ^ .^^ination of «F9 

^^^=^^^'.-^r iSil^ al^^v^-TL, resistance/ Indocedmtation^ 

^^^^ isolatic. of stents Plant Cell 
""'"'"LI Teori'l GeJics, 5S=8,.es (197,,, a,^ *anas, ..A. et 

Suspensions, Tneor. ftcy j. ZT.^ r^us in Vitro - An Assess- 

i. rrr>r> Plants via Single ceiis in va— v.- 
-in^eT^nt °' ^ , ^,3, e,e Invention U «nsidered 

,0 «nt," Z,.«anze!HU^ ^- ' 3 < J ^ 30sc^i^..nd corn 

" --P^-^:^^^: f.;^ ^.ant or v^iant pr^^y of the 

plants regenerated tner.csru 

regenerated com plants. 

■ abiUty to re^er.erate a,ole plants £r™ t..e 

. of con intred B-3 provider by tne 

,S .issue ^ cell ----J:;X°Lured in the ar. to carry out i^ 
^.ant i--"-^- -fi; ^^^^.^ ^3inst u^esirable traits. (See 
^ rTTai --^-^ hereina^-eO ^us, 
tooert et al. and 3e 3,s=«nsio,-. cultures of com ir^red 
using the erbryocenic .issoe «li__ ^^^^^ ^^^^ ^^..^^3 ,j . 
. . invention, it 1= r-^ 

20 or t,« : herbicides and pat.ho- 

i-ed ^3,,,^, selective a,..ts a..d 

toxins, to ^'^J^''^^ „ selective agents, ^us; con.s.oered 

• - ^^^'-"'^ ' Je e l-lt-t invention are <^r^enic tissues and 

„i«,in the -^^^'j^'-;;/-^^,^ com plants a^ se^ ' 

25 cells of com -^J^^ ^ " — ^.e regenerated com 

thereof regenerated Jier»Ez^n 

plants. 

will also b« readUy apparent to those skilled in^the art 
\usue a.-d cell suspensicn culture of com inbred B73 
thit rabcyogenic tissue a.-d cell s—clonal variants in com 

30 provides the of^rtunity for. the ^^^^^^'^Z^^tL^ culture ^ cell 
V . ^«^<»rv»ratirt3 olants fran embryogenic t— » 
ir^red 873 by '^^"^"'"l- 3,3 j^ed by the i^tant invention, 

suspension cultures of a>m "^'^J^^ ^^.illed in the art 

^ stable s^aclonal variants ^'^^^^^^^^^^^^ ^ of 

- -"^'"'tZ^^^^ culture a. na.nt 

35 Spontaneous Mutation ^^sso-xd*. ^ 
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Pegeneration Ln Maize," Mavdica 26, pp, 39-56 (1981 ); 3eckert et al., 
"Etude de la Variabilite Geneticus Cbtenue Qr.ez le Mais Apres Callogenese 
et Regeneration de Plants in vitro , Acroryjr.ie 3, pp. 9-18 (1983); and 
Larkin et al., "Sop^.clonal Variation - A Novel Source of Variability from 
5 Cell Cultures for Plant Improvenent," Theor. Appl. Genet. 60 , pp. 197214 
■ (1981). A large bodi' of literature in fact suggests tliat plants regen- 
erated fran culture are characterised by an unexpectedly hi^ rate of 
stable propagatable chenotypic variation. See Rice, "Tissue Qilture 
Inbred Genetic Variation in Regenerated Kaize Inbred," 37Lh Am. Com & 

10 aorghun Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising from scmaclonal variants regener- 
ated from com inbred 373. Such characteristics ray be stably itiainfeaiBed 
in the second generation progeny of the regenerated plants and will 
generally exhibit either Merdelian segregation (e.g., 3:1 ratio for single 

15 gene traits) or unifom expression since scmaclonal variation arises in 
diploid cells and may generate hcnozygous variants. Thus, the invention 
is considered to enccmcass scmaclonal variants of the enbrycgenic callus 
and cell suspension of com L-^bred 373, com plants 'and the seed thereof 
regenerated therefran and the prcger.y of the regenerated com plants. 
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CLAIMS: 



1. ..Bnbrvcgenic callus and er^ryoqenic cell suspensions of com 
inbred B73 ard the clones thereof. 

2 com plants and the seed thereof regenerated fran enibryo- 
eenic.callu; ard er^r^enic cell sus^sioc. of com inbred B73 .r, the 
5 clones thereof. 

• 3. Mutagenized enbryogenic callus and mutagenized cell suspen- 
sions of com inbred B73 and clones thereof. 

- 4 com plants and the seed thereof regenerated from mutagen- 
. ized enbr^enic callus ^ .ut^eniz«3 cell sus^nsions of com inbred 
10 B73 and the clones thereof. 

. 5 P^cxeny of com plants regenerated fron erfcrvogenic callus 
^ e^r^lnic'cell sus^nsi.. of com inbred B73 a«5 clones thereof, 
said progeny including mutants and variant progeny. 

. of com inbred E73 having the character- 

. .„,Kr^«=enic callus of com inbred 373 deposited in tne 

" ^"ir^trr^Iuec-a. u.e. -ssio„ .one, ana 

irs^i- ^«^vea ^ s.ia ».r^eni= «Uus ^ clones of sa.a 
eifcryog^'nic «11<S or ^^rvosenic «11 suspensions. ^ 

7 com plants a«3 the seea thereof regenerated fror. the 
20 ertyr^enic'callus ana »^.nic cell sus^sions and clones of saxd 
!^enic callus or'^^rv^enlc cell suspe^ions of aa>» 4. 

- ■ 8. Hutagenizea «.l>rv^enic callus of com inbred B73 said 

callus of com inbred B73 having the characteristics of an 
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9. Com plants and the seed thereof regenerated from the muta- 
genized entr^'cgenic callus and mut agonized cell suspensions and clones of 
said nutagenized erJDr\ogenic callus and imtagenized errJbryogenic cell sus- . 
oensions of ClaLu 8. 

5 10. Progeny of oorn plants regenerated from embryogenic callus 

having the characteristics of an enbr^-ogenic callus of com inbred B73 
deposited in the Anerican Type Culture Collection ander ATCC Accession 
Nuri^er 40116 or regenerated frcro cell" suspensions derived from said 
embryogenic callus having the c±iaract eristics of an embryogenic callus of 

10 com inbred B73 deposited in the PJtverican Type Culture Collection under 
ATCC Accession Naiiber and clones thereof, said progeny including 

. mutants and variant progeny. 

lU An enbr\ogenic callus of com inbred B73 as deposited in 
the Arerican Type OJLture Ccllecticn under ATCC, Arcession Nizrber 40116, 
15 cell suspensions derived from said enbr>cgenic callus and clones thereof. 

12, Com plants ard seed tl>ercof regenerated fron the embryo- 
■ genie callus of corn inbred 373 as deposited in the AT.erican T-^-p^ Culture 
Collection urrjer ATCC Accession N*j:rbor 4 0116 cell suspensions 

derived from said embyTogenic callus and clones thereof. 

.# 

20 13. Mutagenized enbr\wenic calTus of com inbred 373 as 

deposited in the A-nerican Type Culture Collection ander ATCC Arcessicn 
Ninbsr 40116. mutagenized cell suspensions derived fron said embryogenic 
callus and clones thereof. 

14. Com plants and the seod thereof regenerated from the nuta- 
25 genized callus, mutagenized cell suspensions and clones of said mutagen- 
ized enbryogenic callus and m-jtagenized cnbryogenic cell suspensions of 
Qaim 13- 

15. Progeny of com plants regenerated from the errJ::ryogenic 
callus com inbred 373 as deposited in the A-r^rican Type Culture 

30 Collection under ATCC Accession N\imbcr 401 IG. cell suspensions derived 
fron said enbrycgenic callus ani clones tl^ereof , said progeny including 
mutant and variant procency. 
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